Using weight gain as a surrogate marker for health, we found that early microbiota from a 27 preterm infant with normal weight gain (M PI -H) induced increased villus height and crypt depth, 
INTRODUCTION
The intestinal tract harbors the most abundant and complex microbial community in the via nasogastric tube (26). 
Colonization experiments

145
To initiate microbial colonization, pregnant GF female 8-to 9-week-old mice (estimated 146 between E15-17) were gavaged with 0.25 ml of freshly prepared fecal homogenate from frozen 147 fecal samples of the preterm human infant donors (M PI -L, M PI -H), n=3 dams for each gavage 148 group. Each dam had several liters. Each of the litters is small (ranging from 3-7 pups), which in 149 our experience is typical for germ free or gnotobiotic litters. In each experiment 4-6 pups were 150 randomly picked from different litters. Pups delivered spontaneously and naturally acquired the 151 microbiota of interest. Litters remained with the mother to allow natural passage of intestinal 152 microbes. These pups were studied in parallel with age-matched SPF and GF controls. The small intestine was dissected from the pylorus to the cecum. The distance between 157 pylorus and cecum was measured as the small intestine length. Ileum was fixed with buffered 158 formalin and embedded in paraffin. Serial histological sections of 4 µm thickness were cut, 159 deparaffined, rehydrated and stained with hematoxylin and eosin (H&E) for morphometric 160 analysis under a light microscope. Villus height and crypt depth were measured in the ileum of 161 GF, SPF and M PI mice using Image J software. At least 100 well-oriented villi and crypts were 162 measured in at least three individual mice from each group for this study. Two-centimeter-long segments from the ileum were prepared for LCM using protocols 218 described previously (43). All sectioning and subsequent specimen handling procedures were 219 conducted under RNase free conditions. Well-oriented crypts or villi from nuclear fast red 220 stained 7µm thick cryostat sections were harvested using a Leica LMD 6500 System (Leica
221
Microsystems Inc., Buffalo Grove, IL) (n ≥ 50 crypt or villi per mouse; three mice per group 222 were evaluated). Total cellular RNA was extracted using the Arcturus PicoPure RNA isolation and 500 nM gene-specific primers (see Table 1 ). A melting curve was used to identify a 228 temperature where the amplicon (and not primer-dimers) were the source of SYBR green-bound 
RESULTS
240
Preterm infant microbiota transfaunation in GF mice influences small intestine growth and
In our previous study, we found that human microbiota transfaunated mouse pups could examined. There was no significant difference among groups (Fig. 2C ).
267
Early human microbiota affects small intestinal cell lineage differentiation in gnotobiotic mice
268
The small intestinal epithelium consists of four principal cell types deriving from one However, M PI -L colonized ileum showed significantly fewer goblet cells (Fig. 3A-B) . (Fig. 7A) . The expected 18S and 28S ribosomal peaks indicated good integrity of the RNAs (Fig. 7B) . The purity of LCM villi cells/crypt cells was established by measuring the distribution 306 of Villin and Lgr5 mRNAs, respectively. Samples from villi had a strong villus specific signal 307 (Villin) and no significant signal for intestinal Lgr5 (a crypt-specific marker) by 308 indicating minimal contamination by mRNA of crypt cells and vice versa for all the samples 309 from crypts (Fig. 7C) .
310
The expression of specific marker genes of the four epithelial cell lineages was 311 determined to assess the responses of different epithelial cell types to microbiota colonization. mucin gene in the intestines was highly expressed, but no significant difference was observed 323 among the groups examined (Fig. 7D) . 
336
The villus height and crypt depth in M PI -H pups were significantly greater than that of 337 M PI -L pups (Fig. 1B-C) . Furthermore, we found that the ileum of M PI -H mice had higher Ki-67 stained cells in M PI -H and SPF groups compared to M PI -L and GF pups ( Fig. 2A-B) . (9, 27, 32). Muc2, a major secretory mucin in the intestine, was highly expressed but exhibited 351 no significant expression difference among the four groups. In contrast, we found that Muc3, the 352 most abundantly expressed membrane mucin in the small intestine was differentially expressed 353 with significantly higher expression in M PI -H pups compared to the GF and M PI -L pups (Fig.   354   7D ). This indicates that Muc3 can be differentially regulated by the gut microbiota in the ileum. Using LCM analysis, we demonstrate a higher expression of stem cell marker Lgr5 in 373 M PI -H crypts (Fig. 7) . This is consistent with the finding that there was a higher proliferative rate 374 in M PI -H mouse ileum. Furthermore, in these M PI -H mice, there was higher expression of the 375 goblet cell and mature enterocyte marker, Muc3, as well as the Paneth cell markers Lyz1 and
376
Cryptdin 5 compared to M PI -L mice (Fig. 7D) . These data suggest that the interaction between 377 the early microbial community and the preterm gut in its most naïve and immature state may cell lineages, while others may fail to promote growth and impact host innate immune development hence leaving preterm infants vulnerable to disease.. Thus, this study highlights 396 specific roles for beneficial preterm infant communities that warrant further investigation.
397
Although the identification of the optimal preterm microbiota community is largely unknown, 398 our previous study showed that at the phylum level, there is a greater contribution of 
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